By Kazumi YAMASAKI and Isamu USHIZAWA. l )epartment of Biochemistry, Tottori University, School of Medicine, Yonago.
(Comm. by T. SHIMIzu, M.J.A., Nov. 12, 1952.) Chenodesoxycholic and ursodesoxycholic acids are a-3, a-7-and a-3, /-7-dihydroxycholanic acids, respectively' and so they are C7-epimers.
In the previous papers`' we have reported that both epimeric acids underwent dehydration by means of concentrated hydrochloric acid as well as of metal chlorides, and that chenodesoxycholic acid, because of trans elimination, was dehydrated much more easily than its epimeric acid, yielding a mixture of 3-hydroxycholenic acids 24. 4~. Based upon these experimental results, we (1944) reached a conclusion that the 9-hydrogen atom must be trans to the methyl group at C103~; and indeed later we found in Fieser's book 5, that the same conclusion was drawn by Shoppee (1946) under the quite analogous considerations, which support the X-ray work of Bernal (1940) .
Hyodesoxycholic acid was also subjected to such a dehydration procedure and found to remain almost unchanged 3, even though it has a hydroxyl group (C6) adjacent to a tertiary hydrogen atom (C5), just as chenodesoxycholic acid has. We accordingly were inclined to assume that the 6-hydroxyl group of the bile acid may be cis in reference to the 5-hydrogen atom. Recently Moffett and Hoehn6~, however, have proved that the reverse is true.
On the way of the sequence of dehydration experiments of bile acids, we have found phosphorus oxychloride*** to be the only tool for dehydration of hyodesoxycholic acid among the reagents so far examined.
The methylester of hyodesoxycholic acid (I) was heated with this reagent in pyridine and afforded an unsaturated compound (III) in a satisfactorily good yield, being simultaneously halogenated. By dehalogenation, followed by hydrolysis, it furnished quantitatively ,Q-3-hydroxycholenic acid (IV), melting at 235-236°, and a mixed melting point with an authentic sample prepared from cholesterol (V) gave no depression.
And it was precipitated with alcoholic digitonin solution.
Some derivatives of it will be summarized in the following paper, compared with those reported in the literature 7,.
Recently the very hydroxycholenic acid was shown to be a starting material for progesterone synthesis s>, so that hyodesoxycholic acid, which has been scarcely of practical use so far, may find its way in synthesis of progesterone and other steroid hormones.
Because the a-configuration of the 3-hydroxyl group of the bile acid is well established 9, a', hyodesoxycholic acid must undergo a Walden inversion in the course of the reactions, which yielded the above 3-hydroxycholenic acid. In which stage of these reactions then, does the very inversion take place?
Cholesterol (3/) is halogenated to cholesterol chloride (3~) and, on hydrolysis, is recovered without inversion, whereas the saturated sterol such as cholestenol (3E9) is converted by phosphorus pentachloride to 3-a-chloroderivative (" / "-cholestanyl chloride) and, again the saturated chloride such as "a "-cholestanyl chloride (3R), on hydrolysis, is converted to a-3-hydroxy-compound (epicholestanol)9''''. According to these findings we should like to conclude that the halogenation (II) of methyl hyodesoxycholate (I) before the double bond (zr) is introduced, takes place and, indeed, with conversion. And then the C~-hydroxyl group is dehydrated, probably by trans elimination, resulting in /9-3-chlorocholenate (III), which in turn by dehalogenation, furnishes /9-3-hydroxycholenate (IV), just as cholesteryl chloride does cholesterol.
Experimental.
Methyl ~'-,9-3-chlorocholenate (III). 3.0 g. of methyl hyodesoxycholate (crystalline or amorphous) and 16 g. of phosphorus oxychloride in 72 ml. of pure pyridine were heated on the water-bath for three * Dimethyl aniline was found to be used instead of the expensive solvent, L -J9-3-Hydroxycholenw acid (IV). 0.3 g. of the above acetate were refluxed in alcoholic KOH solution (1 ml. of 10 per cent of KOH and 4 ml. of alcohol) for 30 minutes.
After cooling, the solution was acidified with dil. HCI, when crystalline matter was deposited. It was filtered and melted at 227-229°.
Recrystallization from acetic ester afforded needles, m.p. 235-236°.
A mixed melting point with p-3-hydroxycholenic acid, derived from cholesterol gave no depression. An alcoholic solution of this acid was precipitated with 10 per cent of alcoholic solution of digitonin.
C24H3~Os
Calcd Summary.
Methyl hyodesoxycholate was subjected to dehydration by means of phosphorus oxychloride in pyridine, and afforded /9-3-chlorocholenate in a satisfactorily good yield. The latter, on dehalogenation, followed
